Searching PAJ Page 1 of 2 

PATENT ABSTRACTS OF JAPAN 



(1 1)Publication number : 08-153707 
(43)Date of publication of application : 11.06.1996 



(51)lnt.CI. 



H01L 21/3065 
H01L 27/04 
H01L 21/822 
H01L 27/10 
H01L 27/108 
H01L 21/8242 



(21) Application number : 06-294396 

(22) Date of filing: 29.11.1994 



(71) Applicant:NEC CORP 

(72) lnventor : TOKASHIKI TAKESHI 



- 1 — — x£x& 



F 




n 




-AS 





-V 















CO 



(54) MANUFACTURING METHOD FOR SEMICONDUCTOR DEVICE 

(57)Abstract: [ 

PURPOSE: To remove contamination an electrode surface caused 
by dry-etching by, after selectively dry-etching an electrode 
containing ruthenium, etc., selecting such gas as oxygen gas and 
ozone gas, for treating the surface of a material with plasma. 
CONSTITUTION: On a silicon substrate 1 1, a silicon oxide film 12, 
TiN film 13, Ru02 film 14 and SOG film are formed, and further a 
fine resist pattern 16 is formed. Next, the SOG film 15 is dry- 
etched, then, after the Ru02 film 14 is etched with the SOG film 15 
as a etching mask, the TiN film 13 is etched with the Ru02 film 14 
as a etching mask. As a result, an anisotropic fine pattern is 
obtained, and at the same time, the fine pattern is covered with a 
contamination layer containing chlorine, fluorine and carbon. Then, 
with the substrate on which the fine pattern was previously formed, 
oxygen is introduced at specified pressure in a surface treatment ^ 

device, oxygen plasma is generated by utilizing microwave discharge, and the contamination layer 17 is 
removed using it. 
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3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Industrial Application] Especially this invention relates to the surface treatment of the noble metals after micro 
processing about the manufacture method of a semiconductor device. 
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PRIOR ART 



[Description of the Prior Art] In recent years, research and development of the microelectronics device (for 
example, a dynamic RAM (DRAM) and EFURAMU (FRAM)) which applied a typical conductivity oxide (Ru02, 
Ir02, Os02, and Rh02) with rutile structure and platinum as ^ggflyjy^lggtffl^e material show remarkable 
progress. Development of process technology, such as the aforementioned conductive oxide and membrane 
formation technology of platinum, and ultra-fine processing technology, is indispensable to manufacture of this 
micro device. 

[0003] Ru02 among the aforementioned conductive oxides this invention person has already proposed the 
technology which carries out dry etching. This technology is explained using drawing 5 . A silicon oxide 2 is 
formed on a silicon substrate 1. Next, the titanium -nitride film 3 is formed by the sputtering method on the 
aforementioned silicon oxide 2. Furthermore the reactant spatter RIGGU method using oxygen gas is used, and it is 
Ru02 on the aforementioned titanium-nitride film 3. A film 4 is formed. Next, the silicon oxide 5 used as an etching 
mask is formed, and the detailed resist pattern 6 is obtained in applying and developing a photosensitive resist on the 
aforementioned silicon oxide 5 (refer to drawing 5 (a)). 

[0004] First, dry etching of the silicon oxide 5 is carried out using an efficient consumer response (Electron 
Cyclotron Resonance) plasma dry etching system, the used etching gas — CHF3 it is ( drawing 5 (b)) . And the 
silicon oxide 5 by which etching was carried out [ aforementioned ] is used for an etching mask, and it is Ru02. A 
film 4 is ********** e d using the aforementioned dry etching system by the mixed gas (the mixed ratio of chlorine 
is effective to 75% at the maximum) of oxygen and chlorine (refer to drawing 5 (c)). Then, it is CHF3 about the 
silicon oxide 5 which became unnecessary. Etchback removes using gas (refer to drawing 5 (d)). Ru02 to which it 
**********ed at the end The detailed pattern 7 is formed by using a film 4 for an etching mask and ******** **ing 
the titanium-nitride film 3 by chlorine gas (refer to drawing 5 (e)). 

[0005] With the above-mentioned technology, the front face of the detailed pattern 7 will be **(ed) by plasma 
henceforth [ the etchback process of a silicon oxide 5 ]. Consequently, the front face of the aforementioned detailed 
pattern 7 is polluted with the elements in etching gas (carbon, halogen, etc.). 

[0006] Drawing 6 shows the result which observed the surface state after detailed pattern 7 formation with the micro 
Auger-analysis vessel. In a front face, it turns out that it is polluted with chlorine, a fluorine, and carbon. If an 
electron device is formed in this state where it was polluted, possibility of deteriorating remarkably is reliable the 
electrical property of the device, and over a long period of time [ its ]. 

[0007] Namely, in order to acquire reliability the electrical property of an electron device, and over a long period of 
time [ its ], it is necessary to be in the state very near it where after micro processing by dry etching is equivalent to 
the time of electrode-material membrane formation as for detailed pattern 7 front face or. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] By the manufacture method of the conventional semiconductor device, 
contamination by carbon, the halogen, etc. arises on an electrode-material front face in the process which forms the 
detailed pattern of platinum or a conductive oxide by dry etching. This contamination has a bad influence on the 
electrical property of an electron device, and its long-term reliability remarkably. 

[0009] this invention is to offer the manufacture method of a semiconductor device including the surface treatment 
method characterized by removing this contamination and bringing an electrode surface state close to the time of 
electrode-material membrane formation, equivalent, or it extremely. 
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MEANS 



[Means for Solving the Problem] In order to remove contamination on the front face of an electrode which produced 
this invention in dry etching in the manufacture method of the semiconductor device containing platinum or a 
conductive oxide after the detailed pattern formation according to dry etching using the gas containing especially 
carbon or a halogen in order to attain the aforementioned purpose, at least one or more kinds of gas chooses among" 
oxygen gas, ozone gas, steam gas, and nitrogen-oxide gas succeedingly, and it is characterized by to include the 
process which processes the front face of the aforementioned material by plasma. — — ■ 
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EXAMPLE ' "~ 

[Example] Hereafter, it explains per example of this invention. Drawing 1 is the process cross section showing one 
example of this invention. 5 

Sat 1 ?, A ?l liC0 ? subs J t ? te } 1 is oxidized thermally and a silicon oxide 12 is formed to 400nm thickness Next the 
riN tilm 13 is formed by the DC magnetron sputtering method on the aforementioned silicon oxide 12 at 50nm 
thickness. Furthermore,.RuQ_ fijm, 14 is formed on the aforementioned TiN film 13 at 500nm thickness using the 
reactant DC magnetron sputtering method using oxygen gas. Next, the SOG (Spin on Glass) film 15 which consists 
ot the organic -silica used as an etching mask is applied, membranes are formed to 320nm thickness, and the detailed 
resist pattern 16 is obtained in exposing and developing a photosensitive resist with an application and optical 
lithography equipment on the aforementioned SOG film 1 5 (refer to drawing 1 (a)) 

[0015] Next, dry etching of the SOG film 15 is carried out by the efficient consumer response plasma dry etching 
system. The used dry etching conditions are etching gas CHF3. It was set as the flow rate of 20sccm(s) and the 
pressure was maintained at 10mTorr(s). In order to impress 760W and to control 2.45GHz microwave power further 

^ ° f 3 reqU6St ° f the m *° n kinetic energy in the P lasma over m etched substrate for plasma production 
2MHz RF power was impressed to the lower electrode supporting an etched substrate 15W. Etching time was made 
into 66 seconds (refer to drawing 1 (b)). Then, the SOG film 15 by which etching was carried out [ aforementioned 1 
is used for an etching mask, and it is Ru02. A film 14 is ********** e d by the mixed gas of oxygen and chlorine 
The etching conditions in that case are gas reservoir flow rate 200sccm, 10% of chlorine mixing percentage 
pressure 15mTorr, microwave 220W, RF 150W, and etching time 208 seconds (refer to drawing 1 (c)) Ru02 It is 
CHF3 after the etching end of a film 14 about the SOG film 15 which became unnecessary. It removes by the 
etchback method using gas. Etchback conditions presupposed that it is equivalent to the aforementioned SOG film 
etching conditions (refer to drawing 1 (d)). Then, Ru02 formed in the detailed pattern A film 14 is used for an 
etching mask and the TiN film 13 is ********** e d by chlorine ga s. Etching conditions were set to chlorine 
quantity-of-gas-flow lOOsccm, pressure 15mTorr, microwave electrode 220W, and RF power 50W Consequently 
while the detailed pattern of an anisotropy as shown in drawing 1 (e) was obtained, the detailed pattern front face ' 
was being worn in the pollution layer 1 7 containing chlorine, a fluorine, and carbon. 
[0016] next, the substrate in which the detailed pattern is already formed for the purpose of removing the 
aforementioned pollution layer 17 - the surface treatment equipment from the aforementioned efficient consumer 
response etching system - the atmosphere - **** - it conveyed without things The aforementioned surface 
treatment equipment can introduce oxygen gas under the pressure of number lOTorr from Number Torr and oxygen 
plasma can be generated by using the microwave discharge using 2.45GHz microwave. And it has structure which 
only the oxygen atom and molecule which prevented the inflow to the substrate of a charged particle and were 
activated can contribute to surface treatment by preparing a metal grid between a plasma production field and a 
substrate, and grounding a metal grid electrically. Generally such plasma is called downstream plasma surface 
treatment conditions - 400sccm(s) and the pressure were made to 3Torr(s), and 150 degrees C and surface treatment 
time were made [ the oxygen gas flow rate / microwave ] into 180 seconds for 660W and substrate heating 

Snf^ 1 " 6 10 thlS Way ' the pattem which the P° 1,uti ° n layer was removed is obtained ( drawing 1 (f)) 
[0017] Drawin g 2 shows the result which observed the front face of the detailed pattern after performing the 
aforementioned surface treatment using the micro Auger-analysis machine. A pollution layer is removed completely 
and a surface state is Ru02. The state near at the time of membranous membrane formation, i.e., the composition 
ratio of Ru and O, is about 1 to 2. F 
[0018] In addition, although the example which used downstream plasma as surface treatment equipment was 
spread in the steamy example, even if capacity-coupling type plasma equipment, dielectric combination type plasma 
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. equipment, efficient consumer response plasma equipment, helicon wave plasma equipment, etc. are used for this 
invention as surface treatment equipment, it is effective. Moreover, it is e ffective even if it uses ozone eas a steam 
nitrogen oxide pa* etc. instead of oxygen gas. Furthermore, it is Ru02 as an etched material. Although the example 
was spread, this invention is effective also to the surface treatment after carrying out dry etching of a ruthenium 
iridium and its oxide, an osmium and its oxide, a rhodium, its oxide, and the platinum with the plasma using the gas 
containing an AROGEN element as an etched material. That is, the composition of steamy each example is 
instantiation at an edge, and the manufacture method of the semiconductor device of this invention includes the 
manufacture method of a semiconductor device of having added various corrections and change, from the 
composition of a steamy example. 

[0019] Drawing 3 shows the thin film capacitor obtained by the method of this invention, n type silicon substrate 
whose resistivity of 101 is 0.01-ohmcm, and 102 The silicon oxide of a layer insulation film (500nm), Contest 
[ DOPINKU / Lynn as a conductor layer / 103 / with the contest ] polysilicon, and 104 Ru02 as a barrier metal / 
(500nm) TiN (50nm), As for 105, SrTi03 (lOOnm) as a dielectric film and 106 are aluminum (1 micrometer)/TiN(s) 
(50nm) as a conductor. The silicon substrate 101 was oxidized thermally, the silicon oxide 102 was formed, opening 
of the contact was carried out to the desired position, 1 -micrometer contest 104 polysilicon was formed by CVD, 
Lynn was diffused, etchback by the plasma using chlorine gas was performed, and contact was embedded. 
[0020] After an appropriate time, Ru02 / TiN105 was formed by the DC magnetron-sputtering method as a barrier 
metal, the desired size was processed by the m ixed-gas plasma of chlorine and oxvee n spread in the example of 
drawing 1 , and surface treatment by oxygen plasma was performed after that. SrTi03 105 [ lOOnm ] are 
continuously formed at the substrate temperature of 450 degrees C by CVD, aluminum/TiN106 is continuously 
formed by the DC magnetron-sputtering method, and it is CL2. The desired size was processed using gas plasma. 
[0021] Drawing 4 is drawing which compared the current-voltage characteristic of the capacitor which performed 
surface treatment of this invention, and the conventional capacitor which processes nothing. The conventional 
capacitor had the large leakage-current value in low electric field. As for this, pollution layers, such as chlorine, a 
fluorine, and carbon, are considered to be the causes. 

[0022] On the other hand, the leakage-current property of the thin film capacitor of this invention was also small, 
and it turns out that reliability is also superior to the conventional capacitor over a long period of time. 
[0023] In addition, at the above-mentioned example, it is SrTi03 as a high dielectric constant film. Although the 
example was spread For this invention, a chemical formula is AB03 as a high dielectric constant film. It is 
expressed, among Ba, Sr, Pb, La, Li, and K as A, respectively At least one or more sorts, What consists of at least 
one or more sorts in Zr, Ti, Ta, Nb, Mg, Mn, Fe, Zn, and W as B, For example Ti03, PbTi03, Pb(Zr, Ti) 03, 0(Zr 
(Pb, La), Ti) 3, Pb(Mg, Nb) 03, Pb(Mg, W) 03, Pb(Zn, Nb) 03, LiTa03, LiNb03, KTa03, and KHb03 (Ba, Sr) Ta 
205 of **** or the other chemical formula, and Bi4 Ti3 - 012 and BaMgF4 etc. -- it is effective even if it uses 
Moreover, although the example of Ru02/TiN was spread as a barrier metal, even if this invention uses barrier 
layers or those laminated structures, such as Ti, and Ta, TaN, ZrN, for a c h a n ge of TiN, it is effective. Moreover, 
this invention is Ru02. Also inthg^M^re which used a ruthenium^^ium^tnd its oxide, an osmium and its 
oxide, a rhodium, its oxide, aqQMinun^stead, it is effective. AlmougTTme example which used downstream 
plasma as surface treatment equTpMentwas spread in the further above-mentioned example, even if capacity- 
coupling type plasma equipment, inductive-coupling type plasma equipment, efficient consumer response plasma 
equipment, helicon wave plasma equipment, etc. are used for this invention as surface treatment equipment, it is 
effective. In addition, it is effective even if it uses ozone eas. a steam , nitrogen oxide gas, etc. instead of oxygen gas. 
That is, the composition of each above-mentioned example is only instantiation, and the manufacture method of the 
semiconductor device of this invention includes the manufacture method of a semiconductor device of having added 
various corrections and change, from the composition of the above-mentioned example. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture method of the semiconductor device characterized by including the process which 
carries out dry etching of the electrode including at least one or more kinds in a ruthenium and a ruthenium oxide 
alternatively, and the process which processes the front face of the aforementioned electrode using at least one or 
more kinds of gas among oxygen p* ^q r ~ gag ntp»™ f"° <H nitmom phn^t wis gu^cegdinglv 
[Claim 2] The manufacture method of the semiconductor device characterized by including the process which 
carries out dry etching of the electrode including at least one or more kinds in iridium anrfan iriH^im nviH ^ 
alternatively, and the process which processes the front face of this electrode using at least one or more kinds of gas 
among oxygen gas, ozone, p™, cfaQ ™ gas fp H nifr "gp n nvtAo gas succeedingly. 

[Claim 3] The manufacture method of the semiconductor device characterized by including the process which 
makes dry etching alternatively an electrode including at least one or more kinds in an osmium and an osmic-acid 
ghost, and the process which processes the front face of this electrode using at least one or more kinds of gas among 
oxygen gas, ozone gas, steam gas, and nitrogen oxide gas succeedingly. 

[Claim 4] The manufacture method of the semiconductor device characterized by including the process which 
carries out gong in etching of the electrode including at least one or more kinds in a rhodium and a rhodium oxide 
alternatively, and the process which processes the front face of this electrode using at least one or more kinds of gas 
among oxygen gas, ozone gas, steam gas, and nitrogen oxide gas succeedingly. 

[Claim 5] The manufacture method of the semiconductordevice characterized by including the process which 
carries out dry etching of the electrode containing-pIatkWalternatively, and the process which processes the front 
face of this electrode using at least one or moreSaads-ofgas among oxygen gas, ozone gas, steam gas, and nitrogen 
oxide gas succeedingly. 

[Claim 6] The manufacture method of the semiconductor device which uses plasma for the surface treatment 
method according to claim 1, 2, 3, 4, or 5, and is characterized by things. 

[Claim 7] The manufacture method of the semiconductor device characterized by p^^sjp tfarfrrmtficr of the 
electrode which remained the electrode using the gas which does not contain both-CalEonlind a halogehO 
[Claim 8] The manufacture method of the semiconductor device rharart^v^^ ^^^^h p fr nnt'ftfrrnf thr 
aforementioned lower electrode to the plasma using the gas which does not contain carbon and a halogen, including 
an oxygen atom, continuing at it, and growing up the aforementioned quantity dielectric constant film once [ at 
least ] or more just before putting on the manufacture method of a semiconductor device of having a capacitor 
element using the high dielectric constant film and forming this high dielectric constant film on the lower electrode 
of the aforementioned capacitor element. 
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HzoasawKj^i 5wm&DL/t. x^f-y^ut^i 

6 6#k t£ (HI (b) #Bg) . fffSx-y 

3-y^$ii7tsoGMi 5JX7fy/7^?cffln 

t. Ru0 2 Kl4tifllt«*Ofi^>tTX.yf->' 
/-fS. -fOKcox-yf-y^^ji, #xttg»2 0 0 
seem, ig^g£$l 0%. ffi}|15mTorr, V 
-f?D$2 2 0W. i§Jfj£l5 0W. x-yf-y^^2 
0 (01 (c) #S0 . RuOi 114C0X 

•yf-y^HTtt, T^WlzKotzSOG^l 5£CHF 

£ (01 ( d) . *<y)f£, WC^-ffcBifcS 
*t£Ru0 2 li^S'X-yf-y^vx^tffioT, Ti 
NJg£l 3$riS^*XTx.yf-y/-ri,„ x.yf-y^ft 
Ji, ilS^XgtMl 00 seem, JBETj 1 5mTor 
r, v4?oS«fii2 2 0W. iSjg&lt^5 0Wi:L 

01(e) tz7F&*o%m%&rttm>i 
[0016] »:(c, nriE^§yi 1 ivmktto z t & 

$r fltGE C Rx -y f-y ^^St*»4,«jii»K[a^*iWc 

r *»^.St+T o r r C7DJE^TX'K*^X $-^A L. 2. 
4 5GHz <7>7>f ^ na^fflv^W 7 njfegcmfcffjffl 

it. *«^u -y vtmmuzimtzztiz x m 

^Oi^^T-^X^i-^tc^yxN'j-Ar^ 
XvfcffcSfift. ^ffijaa^frJiS|«^xffim^4 0 0 
seem. ffj]?:3Torr, V^f ^o^5r 6 6 0W, 

s«»ias$r 1 5 or, $mwmvfmz 1 s o»t l 

fc. *><LT. ^S^^TSO^n^A-^-y*^^ 
S (01 (f ) ) . 

[00173 02<i. mmm^m^muz^m^ 

u k OcoM^Jt*J(i(3' 1 ft 2 fc^f o X . 

1 0 0 1 8 ] Kca. mmmmx'umwms&b i 
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(4) 



^¥8-1 5 3 707 



5 



6 



X9*t >X V U-Ar^XvSrfflV^WSrg^^', * F e , Z n , WcOd t i, 1 WJ±frt>%& i 

»W . WBMHMfc LT**»$ffl*>r5X7§| «i {f . ( B a , S r ) T i 03 , P b T i Os , 

mW£1sm<?>7yX-?m, ECR7-7X7§£B. Pb(Zr,Ti)03. (Pb, La) (Zr, T 

^^ymryxv&w&zzm^x^tmxbh. t n o s . Pb (Mg, Nb) o 3 . Pb (m 8 , w> 

®m#X<nfth')£**f>#X. m%fflt Os , Pb(Zn, Nb) 03 , LiTaOs . LiN 

MfXQtmvXhmk&bi. ftX yf-y?- bOs , KTaOs , KHb0 3 =Srfc*, Syl^tWJ 

«fltLTRuOi <0W*B*Jfc#. »x.y fl-OflSfc**). Ta 2 Os . Bi 4 Ti 3 0.2. BaM 

ft. *XS^A&t/*OgHfcft. Dj/'«>A&^-e^t J: LTRu 02/T i N^flteS^A*. *HHfl(iT i 
ft. ZlXQ&£7uy>KmZ$tsJfZ.$:m^t:77 10 N^OCTi^Ta, TaN, ZrN^tWJ7 

x-?x'V?j xvi-yfuzmmmmiztttx t>% m&iwt*tibmmmtm\>xi>mviii. * 

& o » xm^mwrnammiit . ms&mmco asv -toum *x s ? warn n m 



■r'li'ir&Tfit. 1 0 1 UimmtfO . OlQcm^n fHHHt, USSfUfgai: LT«*Br£I[tf)7?Xv« 

s^ya^^g. io2UffiflneisR(o^U3^»fiji a. BHHS*seor?xn«. ecrt^xvjm. 

(500nm). 1 0 3lt1$Mtfc$b. LX(D'J H— ^'J ay»T9XVJ»flrif^^-Ct««Tft«. JD 
LfcJlf U ^'J^y, 10 4 <i/<y 7* LT 20 AT, KSMttOftb 0 fctyy**. *pgm. fiSK 

<0R u 0 2 (500nm)/TiN(50nm), 10 ftft#X££fflWC i>W)Xhh . t=firi5%, ±IS#H 

5tti£mftHfc LTOS rT i 0 3 ( 1 0 0 nm) . 1 WBtmmtmtmX'lb*) . #^<Vr*ft§Sftf)« 

0 eimnftt ltcoa i ( i um) /t i n ( 5 o n js*®*. ^mmmm^msERim^ 
m ) x-jbs . i o i itmitLx * y 3 y flDA^^ft^a^i^&irs-tf . 

»fURl0 2t»«L. BfatfaffiSfca^^b^BiP [0024] 

L, cvDi£fcJ9tfy5'';3J'i04£ijKm*KL [f^coSftS] laUJMILfcJ: 3 fc. *#5i£Jflv>*i 

T'JvfcteftL. S*#x£fl|nfc75Xvfc:J:&x.y if. K^-fx-y^y^tck^a^^mttS-ftft^W 

[0 0 2 0] L*»itttc. A-yr^^tLTRuOB oyy^i^fc J: U CWffi»*UNstlM 

/T i N l 0 5^DCv^hDy^- y ^fc<J: 30 ^H^S-«®t«)i^^«®^i5#[t. J.o«-fr 

x-7Kio»fa<o**staDiL. -co&i^r^xv k ¥&ft§saoi^;r&£^^i,£tA { T§6. 

teJ:4*fflJ!«*tT-5fc. o^^TCVDffiCJ:0*« [llffl^©*^^] 

&£4 5 0'CTS rT i Os 10 5*10 OnraSi [01 ] *3mo-mHm&m-J0Bmm. 

U ^V^DCV^hoy^N-y^ffitCtOAl/T [02] 0 1 <0}jj£fc J; o X*t>tltZW-y0>-?4 9 

1 N 1 0 6£fi£§!LC L 2 ^X7-5Xv$rffl^T0rM(7) o*-i; x #ITOTf»4>*i/!lMEflmiiioa«H. 
^SSCJniLfc. [03] 0ia*£mvc#rtL&aM**y^*«o 
[ 0 0 2 1 ] 04 tt+fciJtoSBBJlSSfcft-j fc* *A'j^ 

^t^^tW^ff^^^Jf-v^x^^miiS-i; [04] 03O*^x*i^o^Ay?<?>^E- 

fc*j^Ty-^*sf««*s*»ofe. cwjsf. 7y [053 mmv>j.mm®> 

*&VSI&&£Zo>fflMtfW!Rb%i.t>1\*. [06] msco^f-ywj 7U7t-i;ximftxi% 

[ o o 2 2 ] -nr. $?&9j!<D?iffit*.w\^;?(i y - ^>^cffi«0. 

tiktlX^hZttfhfritz. l, li, ioi v-ynySS 

[00 2 3] «rtj. ±JEOltEtt«TJ±*8WWII: LT 2, 5. 12. 102 S/yaj/Kfltft 

S r T i 03 ^®/<.7t *t. *%mt . Sf^^ffii 3.13 T i NM 

l-Tfl^A f A B Os T'*S^. ^n-pnA tlXB 4.14 RuOi H 

a. Sr. Pb. La. Li . K<03^ : 5r<tt)ia 15 SOGJi 
tLh. BtLTZr. Ti, Ta. Nb. Mg, Mn. 50 6,1 6 $mVi?XVrt-?-y 



[0019] H3tt*JH8«*i6lcJ: "3*4>*ifc»«* 
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7 ffl&t*9-V 

17 mm 

103 'jySrh'-orUo-KUx'Jay 



(5) 



^WF8-1 5370 



8 



104 A'iJ7^muO! /TiN 

105 SrTiOsjg 

106 Al/TiONJi 



[01] 



/////; -14 Ru&R 



(a) 



i TiNR 
- V2 VO/Kfc* 



-/5 
J5 



73 



(b) 



7: 



J3 



(C) 



[023 

(C) SCALE VICTOR, ffES£T=25aflS4, OCW k COt/NTS/SEC 
101 




(f) 



<W 2039 4010 iKKO WOO 1000D 8000 WW ISOdO 1800.0 20000 
KINETIC ENERGY, eV 



(d) 
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(6) 



5 37 07 



IM5) 



IMS) 



; / ; / ; u 



(a.) 



V 6 



I 



0>) 



7" 



LA 



(c; 



;-4 



--2 

3-1 




•1 



(e) 



(a) SCALE FACrOR,OF?SEJ~i8Sm aOOOkCOJHTS/SEC 




o.o mo mo mo. mo mo imo mo m ms zmo 

KINETIC ENERGY, eV 



(5D intci. 6 mw # frmmm fi ^^m/t 

H 0 1 L 27/10 4 5 1 

27/108 
21/8242 

H0 1L 27/04 C 

7735-4M 27/10 6 5 1 
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